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NOT F O R  QUOTATION 
WITHOUT P E R M I S S I O N  
O F  T H E  AUTHOR 
S l l A L L  COl lPUTERS I N  ORGANIZATIONS:  
I S S U E S  AND ARGU?.IENTS--OR--HOW T O  F I G H T  
WITH COEIPUTER-ENHANCED BUREAUCRACY 
G b r a n  P. F i c k  
O c t o b e r  1 9 8 0  
W P - 8 0 - 1 4 6  
Working P a p e r s  are i n t e r i m  reports  on  w o r k  of the  
I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  S y s t e m s  A n a l y s i s  
and have received o n l y  l i m i t e d  r e v i e w .  V i e w s  o r  
o p i n i o n s  expressed  h e r e i n  do n o t  n e c e s s a r i l y  repre- 
s e n t  those of t h e  I n s t i t u t e  or of i t s  N a t i o n a l  M e m b e r  
O r g a n i z a t i o n s .  
I N T E R N A T I O N A L  I N S T I T U T E  F O R  A P P L I E D  SYSTEMS A N A L Y S I S  
A - 2 3 6 1  L a x e n b u r g ,  A u s t r i a  
Thi s  paper  h a s  been produced w i t h i n  t h e  t a s k  on "!.lanage- 
ment and i t s  computer t o o l s "  i n  t h e  Management and Technology 
r e s e a r c h  a r e a  of IIASA. 
An e a r l y  v e r s i o n  o f  t h e  paper  was p r e s e n t e d  a s  a p l e n a r y  
paper  a t  t h e  COXF'CONTROL ' 7 9  Conference i n  Sopron,  Hungary, 
November 1979 .  
The continuous development of micro-electronics is changing 
the computer world. Small computers are becoming more powerful. 
The impacts are mainly to be found through the changing economy 
of computer use. 
The new situation gives us the opportunity of widening the 
perspective in the analysis of costs. We can take into account 
a widened set of criteria such as the impact on organizational 
behavior, user psychology and broadened participation. The situa- 
tion is therefore a challenge to scientists in many disciplines 
because these and other aspects formerly treated as secondary 
may now be entered Tnto the economic analysis and could in fact 
be decisive for the final choice. 
We will first highlight the development in some disciplines 
of technology and management sciences to point-out the most 
important changes related to our field. Then we will speculate 
more carefully about changes In organizational behavior. 
Some of the most important organizational characteristics 
influenced by the choice of small or big computers can be 
summarized by the concept of "bureaucracy." We will discuss 
specialization, standardization, formalization and centralization 
separately. Flexibility is involved in all four of these 
parts. In fact, flexi'billty i's what is lost if we get too much 
of the other four qualities. 
Behind the actual decisions one will often find different 
perceptions of the relationships between technology and the 
managerial situation. We will dwell on a dfscuss5on of dif- 
ferent approaches because it shows that the changes we find 
in our particular field of technology are not caused by simple 
intra-technical considerations. Rather, they result from very 
complex and non-transparent combinations of technological, 
economic, political and ideological factors. 
It is essential that the full spectrum of issues be fully 
known to all parties involved in the evolution of a management 
system. Then the advent of small computers may give new life 
to management itself. 
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SMALL COMPUTERS I N  ORGANIZATIONS : ISSUES AND ARGUMENTS 
OR 
HOW TO FIGHT WITH COMPUTER-ENHANCED BUREAUCRACY 
Goran  P. F i c k  
I N T R O D U C T I O N  
The c o n t i n u o u s  d e v e l o p m e n t  o f  m i c r o  e l e c t r o n i c s  i s  c h a n g i n g  
t h e  c o m p u t e r  w o r l d .  S m a l l  c o m p u t e r s  a r e  becoming  m o r e  p o w e r f u l ,  
t h e  a r c h i t e c t u r e  o f  l a r g e  c o m p u t e r s  i s  c h a n g e i n g  and  t h e  r a n g e  o f  
s p e c i a l  p u r p o s e  c o m p u t e r s  i s  w i d e n i n g .  
The i m p a c t s  a r e  m a i n l y  t o  b e  found  t h r o u g h  t h e  c h a n g i n g  
economy o f  c o m p u t e r  u s e .  W e  h a v e  a l r e a d y  r e a c h e d  a  p o i n t  [ I s a c s -  
s o n  19791 where  t h e r e  i s  n o  l o n g e r  l a r g e  s c a l e  economy i n  com- 
p u t e r  power i t s e l f .  However ,  t h e r e  is s t i l l  s c a l e  economy i n  
memory p e r i p h e r a l s .  We h a v e  r e a c h e d  t h e  p o i n t  w h e r e  t h e  t r a d i -  
t i o n a l  economic  a n a l y s i s  o f  d a t a  p r o c e s s i n g  i n  a  c o n t i n u o u s l y  
g r o w i n g  number o f  c a s e s  d o e s  n o t  h e a v i l y  f a v o r  l a r g e  s c a l e  s o l u -  
t i o n s .  By " t r a d i t i o n a l 1 '  we h e r e  mean t h e  t r a d i t i o n a l  s e t  o f  e l e -  
ment .ary  c o s t s  c o n s i d e r e d  i n  s u c h  a n  a n a l y s i s ,  e x a m p l e s  o f  w h i c h  
c o u l d  be  c o m p u t e r  i n v e s t m e n t  i t s e l f ,  s o f t w a r e ,  i m p l e m e n t a t i o n  and  
t r a i n i n g .  
F o r  t h e  a b o v e  r e a s o n ,  c o n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  p a i d  
t o  s m a l l  c o m p u t e r s  f o r  m a n a g e r i a l  t a s k s .  " S m a l l "  is n o t  a  v e r y  
p r e c i s e  d e s c r i p t i o n .  Somet imes  r e f e r e n c e  i s  made t o  m i c r o c o m p u t -  
e r s ,  a  c o n c e p t  w h i c h  i s  a t  l e a s t  q u i t e  w e l l  d e f i n e d  f rom a  t e c h n -  
i c a l  p o i n t  o f  v i e w .  B o t h  c o n c e p t s ,  h o w e v e r ,  r e f e r  t o  c o m p u t e r s ,  
t h e  c a p a b i l i t i e s  o f  w h i c h  a r e  i n c r e a s i n g  i n  t i m e  a n d  w h i c h  h a v e  
c o n t i n u o u s l y  c h a n g i n g  c o s t / p e r f o r m a n c e  i n d i c e s .  F o r  t h e  p u r p o s e  
o f  t h i s  p a p e r  we w i l l  a v o i d  t h e  f a l l a c y  o f  d e f i n i n g  t h e  c o n c e p t  
o f  " s m a l l  c o m p u t e r s "  more  p r e c i s e l y .  We a c c e p t  t h a t  t h e  mean ing  
o f  t h e s e  words  c h a n g e s  o v e r  t i m e .  E v e r y  y e a r  h o w e v e r ,  t h e r e  w i l l  
b e  an a c c e p t a b l e  l e v e l  o f  c o n s e n s u s  a b o u t  i t s  m e a n i n g  a s  o p p o s e d  
t o  l a r g e  m a i n f r a m e  and  m i n i  c o m p u t e r s .  
" M a n a g e r i a l  t a s k "  is a l s o  l o o s e l y  d e f i n e d .  Does i t  r e f e r  t o  
a l l  d a t a  p r o c e s s i n g  i n  a n  o r g a n i z a t i o n  e x c e p t  t e c h n i c a l  d a t a  p r o -  
c e s s i n g ,  a u t o m a t i c  c o n t r o l  and t h e  l i k e  ( t h i s  would i n c l u d e  e . g . ,  
a l l  t r a n s a c t i o n a l  d a t a  p r o c e s s i n g  and MIS-type (Management I n f o r -  
m a t i o n  S y s t e m s )  o f  c o m p u t e r  u s e ) ?  O r  d o e s  i t  r e f e r  t o  t h e  
improvement  and s u p p o r t  o f  d e c i s i o n - m a k i n g  by h i g h e r  m a n a g e r s  
on1  y? 
T h i s  a r t i c l e  w i l l  n o t  assume e i t h e r  o f  t h e s e  e x t r e m e  e n d s  o f  
t h e  s p e c t r u m  b u t  w i l l  t e n d  t o  t h e  l a t t e r  r a t h e r  t h a n  t h e  f o r m e r .  
The new s i t u a t i o n  g i v e s  u s  t h e  o p p o r t u n i t y  o f  w i d e n i n g  t h e  
p e r s p e c t i v e  i n  t h e  a n a l y s i s  o f  c o s t s .  W e  c a n  t a k e  i n t o  a c c o u n t  a  
widened s e t  o f  c r i t e r i a  s u c h  a s  t h e  i m p a c t  o n  o r g a n i z a t i o n a l  
b e h a v i o r ,  u s e r  p s y c h o l o g y  and  b r o a d e n e d  p a r t i c i p a t i o n .  The s i t u a -  
t i o n  is  t h e r e f o r e  a  c h a l l e n g e  t o  s c i e n t i s t s  i n  many d i s c i p l i n e s  
b e c a u s e  t h e s e  and o t h e r  a s p e c t s  f o r m e r l y  t r e a t e d  a s  s e c o n d a r y  may 
now b e  e n t e r e d  i n t o  t h e  economic  a n a l y s i s  and  c o u l d  i n  f a c t  b e  
d e c i s i v e  f o r  t h e  f i n a l  c h o i c e .  
U n f o r t u n a t e l y  t h e r e  i s  a  v a s t  l i t e r a t u r e  o n  t h e  u s e  o f  s m a l l  
c o m p u t e r s  t h a t  h a s  a  " t e c h n o l o g y  push"  c h a r a c t e r .  I t  seems t o  b e  
t a k e n  f o r  g r a n t e d  t h a t  s m a l l  c o m p u t e r s  a r e  more d e s i r a b l e  t h a n  
b i g  o n e s .  Somet imes  t h e  d i s a d v a n t a g e s  o f  b i g  c o m p u t e r s  a r e  men- 
t i o n e d  b u t  a  s e r i o u s  c o m p a r i s o n  o f  s m a l l  s t a n d - a l o n e  c o m p u t e r s ,  
t i m e - s h a r i n g  s e r v i c e s  t o  b i g  m a i n f r a m e s  and  n e t w o r k s  o f  d i f f e r e n t  
t y p e s  a r e  s e l d o m l y  a v a i l a b l e .  T h i s  p a p e r  w i l l  t r y  t o  i n d i c a t e  
some l i n e s  o f  t h i n k i n g  n e c e s s a r y - - b u t  n o t  s u f  f  i c i e n t - - f o r  s u c h  a n  
a n a l y s i s .  
J u s t  b e c a u s e  t h e  a b o v e  m e n t i o n e d  a s p e c t s  o f  more  o r g a n i z a -  
t i o n a l  and t e c h n o l o g i c a l  n a t u r e  - c a n  b e  b r o u g h t  i n t o  t h e  economic  
a n a l y s i s  d o e s  n o t  a u t o m a t i c a l l y  mean t h a t  t h e y  -- w i l l  b e .  But  
a l o n g  w i t h  t h e  t e c h n i c a l  d e v e l o p m e n t  t h e r e  a r e  c h a n g e s  i n  t h e  
o p i n i o n  a b o u t  t h e  r o l e  o f  s c i e n c e  and t e c h n o l o g y  i n  s o c i e t y  
f a v o r i n g  t h i s  d e v e l o p m e n t .  U n ions  and i n d i v i d u a l s  h a v e  become 
more i n t e r e s t e d  i n  t h e  s o c i a l  a s p e c t s  o f  t h e  u s e  o f  c o m p u t e r s .  
A l so  from t h i s  end t h e r e  is a  push  t o w a r d s  a  widened s p e c t r a  o f  
c r i t e r i a  t o  b e  met i n  t h e  d e s i g n  o f  new compu te r  s y s t e m s .  An 
i n c r e a s i n g  number o f  c o m p a n i e s  and o r g a n i z a t i o n s  h a v e  a 1  s o  
e x p e r i e n c e d  good r e s u l t s  o f  e f f o r t s  i n  t h i s  a r e a .  The e x p e r i e n c e  
o f  t h i s  a u t h o r  i s  u n f o r t u n a t e l y  t h a t  t o o  many s m a l l  c o m p u t e r  s y s -  
tems seem t o  b e  d e s i g n e d  w i t h  t h e  same r e l a t i v e  v a l u e  a t t r i b u t e d  
t o  d i f f e r e n t  d e s i g n  c r i t e r i a  ( a s  was t h e  c a s e  f o r  a  l o n g  time 
w i t h  s y s t e m s  b a s e d  on  l a r g e  c o m p u t e r s ) .  
W e  w i l l  f i r s t  h i g h l i g h t  t h e  d e v e l o p m e n t  i n  some t e c h n i c a l  
and r e l a t e d  d i s c i p l i n e s  t o  p o i n t  o u t  t h e  mos t  i m p o r t a n t  c h a n g e s  
r e l a t e d  t o  o u r  f i e l d .  Then w e  w i l l  s p e c u l a t e  more  c a r e f u l l y  
a b o u t  c h a n g e s  i n  o r g a n i z a t i o n a l  b e h a v i o r .  
AREAS OF IMPORTANT DEVELOPMENTS 
B a s i c  Hardware Technology 
The b a s i c  m i c r o e l e c t r o n i c s  t e c h n o l o g y  i t s e l f  is  t h e  e a s i e s t  
a r e a  t o  a s s e s s ,  The t e c h n i c a l  a s p e c t s  a r e  w e l l  cove red  i n  l i t e r a -  
t u r e  and p e r i o d i c a l s .  The m a n i f o l d  f o r e c a s t s  i n  t h i s  a r e a  [ e g .  
S c i e n t i f i c  American,  S e p t  1977, S c i e n c e  N o  4283, Vol 195 1977,  
Computer S e p t  19781 form a  good c o n s e n s u s  on  p r i c e / p e r f o r m a n c e  
index  d e v e l o p m e n t s ,  t h e  power o f  s m a l l  compute r s  and r e l a t e d  
deve lopmen t s .  I n t e r e s t i n g  examples  a r e  e  .g . t h a t  a n  a l m o s t  f u l l  
(CODASYL) d a t a  base  management sys t em is a v a i l a b l e  on  a  m i c r o  
computer (Auerbach 1978)  and t h a t  i n  1979 UNIVAC announced a  
mainframe computer  1100-60 be ing  t h e  f i r s t  l a r g e  computer  
e n t i r e l y  b u i l t  from s t a n d a r d  m i c r o p r o c e s s o r s .  I t  i s  o b v i o u s  t h a t  
s m a l l  mico rp rocesso r -based  compute r s ,  i . e . ,  m ic rocompute r s ,  s o o n  
w i l l  have  a  c a p a b i l i t y  s i m i l a r  t o  p r e s e n t  d a y ' s  powerf u l  minicom- 
p u t e r s .  Large s c a l e  computing c a n  b e  done  on  ha rdware  w i t h  much 
lower  c o s t  t h a n  e v e r  b e f o r e ,  Q u a l i t a t i v e  c h a n g e s  o c c u r  where low 
c o s t  and s m a l l  compute r s  e n t e r  new f i e l d s  o f  a p p l i c a t i o n  where 
t h e y  were n o t  e c o n o m i c a l l y  o r  t e c h n i c a l l y  f e a s i b l e  b e f o r e .  
P e r i p h e r a l  memory t e c h n o l o g i e s ,  m a i n l y  d i f f e r e n t  t y p e s  o f  
d i s c  memories,  a r e  keys t o  many o f  t h e  a p p l i c a t i o n  a r e a s .  Very 
l i t t l e  w i l l  change  i f  t h e  computer  a b l e  t o  h o s t  a  d a t a  b a s e  
management sys t em is o f  low c o s t  and s m a l l  b u t  t h e  n e c e s s a r y  d i s c  
memories s t i l l  e x p e n s i v e .  F o r t u n a t e l y ,  memory t e c h n o l o g y ,  e g g . ,  
t h e  Winches t e r  t e c h n o l o g y ,  c o n t i n u e s  t o  improve.  Disc  memories ,  
however ,  c o n t a i n  a  l a r g e  p a r t  o f  p r e c i s i o n  m e c h a n i c a l  p a r t s  n o t  
be ing  s u b j e c t  t o  a s  d r a m a t i c  p r i c e  c h a n g e s  a s  m i c r o e l e c t r o n i c s .  
P e r s o n a l  Computing 
We c a n n o t  a v o i d  t h e  c o n c e p t  o f  p e r s o n a l  computing.  I t  is n o t  
a  good c o n c e p t .  " P e r s o n a l "  t o  many p e o p l e  h a s  t h e  c o n n o t a t i o n  o f  
p r i v a t e  l i f e  i n  c o n t r a s t  t o  p r o f e s s i o n a l  u se .  P e r s o n a l  computing 
t h e r e f o r e  t o  many p e o p l e  h a s  a  f l a v o r  o f  home computing o r  hobby 
comput ing .  I t  is t r u e  t h a t  low c o s t  m i c r o c o m p u t e r s  a r e  a l r e a d y  
used f o r  such  p u r p o s e s  b u t  a l l  a t t e n t i o n  g i v e n  t o  t h i s  a r e a  
b l u r r s  t h e  f a c t  t h a t  t h e  most  i m p o r t a n t  c h a n g e s  w i l l  o c c u r  i n  t h e  
work. A b e t t e r  c o n c e F t  would have  been " c o m p u t e r s  f o r  t h e  i n d i v i -  
d u a l "  s t r e s s i n g  t h a t  t h e  computer  w i l l  be  p r i c e d  s o  t h a t  i t  no 
l o n g e r  n e e d s  t o  be  s h a r e d  a s  a  r e s o u r c e  a t  work. 
Communication and Networking 
The s i m u l t a n e o u s  a r r i v a l  o f  c h e a p  c o m p u t e r s  and c h e a p  e l e c -  
t r o n i c  communicat ion f a c i l i t i e s  is  a  c h a l l e n g e  from many p o i n t s  
of  view. Small  compute r s  a r e  c o m p r e h e n s i b l e  and b e c a u s e  t h e y  
s e r v e  a s m a l l  number o f  u s e r s ,  fewer  compromises  m u s t .  b e  made 
between c o n f l i c t i n g  demands, Small  compute r s  o b v i o u s l y  a l s o  have  
l i m i t a t i o n s .  Networks may be e s t a b l i s h e d  w i t h  t h e  use  o f  communi- 
c a t i o n  f a c i l i t i e s  t o  s i m u l t a n e o u s l y  t a k e  a d v a n t a g e  o f  s m a l l  and 
l a r g e  computer  f a c i l  i t i e s  s i m u l t a n e o u s l y .  
Management S c i e n c e s  
One of  t h e  most  i n t e r e s t i n g  deve lopmen t s  i n  management s c i -  
e n c e s  i n  r e l a t i o n  t o  computer  u s e  seems t o  b e  i n  t h e  f i e l d  o f  
d e c i s i o n  s u p p o r t  s y s t e m s  (DSS) [Keen and Morton 1978,  F i c k  and 
Sprague  19811. We w i l l  n o t  g e t  i n t o  t h e  t r o u b l e s o m e  problem o f  
d e f i n i t i o n  b u t  r a t h e r  j u s t  s a y  t h a t  management i n f o r m a t i o n  s y s -  
t ems  (MIS) o f t e n  r e f e r  t o  b i g  s y s t e m s  i n t e g r a t i n g  t h e  p r o c e s s i n g  
o f  t r a n s a c t i o n  d a t a  and t h e  p r e p a r a t i o n  o f  a  l a r g e  s e t  o f  d i f -  
f e r e n t ,  o f t e n  s c h e d u l e d  r e p o r t s ,  DSS o n  t h e  c o n t r a r y  f o c u s e s  o n  
r a t h e r  s m a l l ,  i n t e r a c t i v e  s y s t e m s  w i t h  a  f a s t  r e s p o n s e  f o r  
managers  t o  a c c e s s  a  v a r i e t y  o f  d a t a  and s m a l l  mode l s  t o  s u p p o r t  
them i n  u n d e r s t a n d i n g  t h e i r  t a s k s  and t o  improve t h e  d e c i s i o n  
p r o c e s s ,  DSS is a p p l i e d  m a i n l y  t o  " u n s t r u c t u r e d  problems."  
U n s t r u c t u r e d  i n  t h a t  no p r o c e d u r e  o r  s t r u c t u r e d  a p p r o a c h  i s  
a v a i l a b l e  t o  p r o c e s s  t h i s  i n f o r m a t i o n  a s  a  r o u t i n e  t a s k .  I t  i s  
a l s o  i m p o r t a n t  t o  s t r e s s  t h a t  DSS means s u p p o r t  f o r  t h e  manager 
t o  make h i s / h e r  d e c i s i o n s  and is n o t  a  t 6 0 l  t o  r o u t i n i z e  t h e  
d e c i s i o n  making f o r  t h e  manager .  I t  h a s  b e e n s a i d  t h a t  " t h e  
manager is b e g i n n i n g  t o  r e a l i z e  t h a t  t h e  r e a l  v a l u e  o f  a  model 
comes n o t  from j u s t  u s i n g  i t  b u t  from c r e a t i n g  i t".  H e r b e r t  Simon 
[ I9651  once  c o i n e d  t h e  p h r a s e  o f  programmed and nonprogrammed 
t a s k s  now more o f t e n  r e f e r r e d  t o  a s  s t r u c t u r e d  and u n s t r u c t u r e d  
t a s k s .  I t  is more c o r r e c t  t o  t h i n k  o f  a  c e r t a i n  t a s k  a s  b e i n g  
s t r u c t u r e d  o r  u n s t r u c t u r e d  n o t  a s  s u c h ,  b u t  i n  t h e  p e r c e p t i o n  o f  
a  c e r t a i n  i n d i v i d u a l .  The same t a s k  may seem u n s t r u c t u r e d  t o  one  
manager b u t  s t r u c t u r e d  t o  a  more s k i l l e d  manager .  DSS t h e r e f o r e  
h a s  a  f o c u s  on how t o  f i n d  s t r u c t u r e s  f o r  p rob lems  where.  DSS 
s t r e s s e s  t h e  e x p e r i m e n t a l  n a t u r e  o f  t h e  d i a l o g u e  be tween  t h e  
manager and t h e  s u p p o r t  sys t em.  I t  is  a l s o  i n t e r e s t i n g  t o  i n t r o -  
duce  e x p e r i e n c e  from l e a r n i n g  p s y c h o l o g y  t o  s e e  i f  t h e  s t r u c t u r e  
o f  such  a  l e a r n i n g  p r o c e s s  c o u l d  b e n e f i t  f rom e x p e r i e n c e  from 
o t h e r  f i e l d s  of l e a r n i n g .  Such c r o s s - d i s c i p l i n a r y  work h a s  been  
done [ R o c k a r t  19751. The s t r u c t u r e  o f  d e c i s i o n  s u p p o r t  s y s t e m s  
i n v o l v e s  among o t h e r  t h i n g s  p rob lems  o f  man-machine i n t e r f a c e s ,  
model a v a i l a b i l i t y ,  d a t a  q u e r y  s y s t e m s  and d a t a  a v a i l a b i l i t y  
t h r o u g h  n e t w o r k i n g .  The f o c u s  o f  DSS i s ,  however ,  on  t h e  e v o l u -  
t i o n a r y  p r o c e s s  o f  b u i l d i n g  t h e  DSS and n o t  s o  much on  t h e  s y s t e m  
i t s e l f  [Keen 19811. Thus t h e  DSS movement comes c l o s e r  t o  t h e  
i s s u e s  of t h e  i n t e r a c t i o n s  be tween  t h e  DSS u s e r ,  t h e  DSS b u i l d e r  
and t h e  DSS i t s e l f .  T h e r e f o r e  a  f o c u s  o n  t h e  c o s t  e l e m e n t s  men- 
t i o n e d  above  is o f  p a r t i c u l a r  i n t e r e s t  when s t u d y i n g  s m a l l  v e r s u s  
l a r g e  compu te r s .  
S o f t w a r e  C o n s t r a i n t s  
Low c o s t  c o m p u t e r s  w i l l  mean low c o s t  comput ing  o n l y  i f  com- 
b ined  w i t h  low c o s t  s o f t w a r e .  We c a n  s e e  t h r e e  a r e a s  where 
s o f t w a r e  is a  p o t e n t i a l  b o t t l e n e c k .  
Man/machine i n t e r f a c e s  must  b e  s i m p l e  and unambiguous and 
s u p p o r t i n g .  Large  g r o u p s  o f  a p p l  i c a t i o n - o r  i e n t e d  u s e r s  c a n n o t  b e  
e x p e c t e d  t o  l e a r n  and u s e  p rog rams  r e q u i r i n g  a  g r e a t  d e a l  o f  com- 
p u t e r  s c i e n c e  e d u c a t i o n .  The e x i s t e n c e  o f  f r i e n d l y  i n t e r f a c e s  is 
a  key i s s u e  i f  computer  u s e  is t o  become a  r e a l  mass  movement. 
I n  t h e  c a s e  of t e x t  communica t ion  t h i s  means n o n - p r o c e d u r a l  
i n t e r f a c e s .  T h i s  is a  g r o u p  o f  t e c h n i q u e s  where t h e  c o m p u t a t i o n a l  
p r o c e s s  is s p e c i f i e d  by t h e  d e s i r e d  r e s u l t s  i n s t e a d  o f  by c o n t r o l  
and d a t a  s t a t e m e n t s  [ M e l i c h a r  19791. 
P r o d u c t i o n  o f  s o f t w a r e  mus t  b e  done  w i t h  more h i g h  l e v e l  
- 
a p p r o a c h e s  and au toma ted  t o o l s  i f  s u f f i c i e n t  q u a n t i t i e s  o f  h i g h  
q u a l i t y  s o f t w a r e  a r e  t o  b e  made a v a i l a b l e .  T r a d i t i o n a l  program- 
ming p r i n c i p l e s  s i m p l y  need t o o  many programmer s! Formal methods  
o f  a l g o r i t h m  d e s c r i p t i o n s  and au tomated  c o d e  g e n e r a t o r s  seem i n  
t h e  l ong  r u n ,  t o  b e  t h e  s ~ l u t i o n  t o  t h i s  problem.  
D i s t r i b u t i o n  of  r e a d y  made s o f t w a r e  o r  s o f t w a r e  modules  must  
be  improved t h r o u g h  b e t t e r  t e c h n o l o g y .  Both t h e  p r o d u c t i o n  and 
d i s t r i b u t i o n  of s o f t w a r e  s e e n  t o  b e  good r e a s o n s  f o r  a  l a r g e  
s c a l e  use  of  s o  c a l l e d  " s o l i d  s t a t e  s o f t w a r e "  o r  ROM c a r t r i d g e s  
[ C a r r o l l  1977,Cragon 19791. T h i s  t e c h n o l o g y  means t h a t  a  
m a n u f a c t u r e r  d e v e l o p s  a  program,  c a r r i e s  o u t  c a r e f u l  program 
v e r i f i c a t i o n  and s t o r e s  t h e  program i n  a  r e a d  o n l y  memory (ROM) . 
T h i s  ROM is p h y s i c a l l y  a  m i c r o e l e c t r o n i c  c h i p  t h a t  is  i n c l u d e d  i n  
a  s m a l l  c a r t r i d g e  t o  b e  p lugged  i n t o  y o u r  own computer .  I t  c a n  
be s o l d  i n  l a r g e  q u a n t i t i e s  t h u s  d i s t r i b u t i n g  deve lopmen t  c o s t s  
among a  l a r g e  g r o u p  o f  u s e r s .  T h i s  t e c h n o l o g y  h a s  a  g r e a t  p o t e n -  
t i a l  and is p r e p a r e d  by s e v e r a l  m a n u f a c t u r e r s .  T h e r e  is  however a  
g r e a t  r i s k  t h a t  t h e  low c o s t  o f  s u c h  p rog rams  w i l l  f o r c e  many 
u s e r s  t o  u s e  t o o l s  n o t  p a r t i c u l a r l y  w e l l  s u i t e d  f o r  t h e  problem.  
I t  is p e r c i e v e d  a s  c h e a p e r  t o  change  your  problem t o  s u i t  a n  
e x i s t i n g  t o o l  t h a n  t o  c r e a t e  t h e  t o o l  f o r  your  p a r t i c u l a r  prob-  
l e m .  U n i f o r m i t y  of p r o c e d u r e s  may be  a  t h r e a t .  
D i f f u s i o n  of  Technology  
The r a t e  of  c h a n g e  and deve lopment  i n  o u r  f i e l d  is s o  h i g h  
t h a t  i t  is a p p r o p r i a t e  t o  t r e a t  t h e  f i e l d  w i t h  t h e  t o o l s  o f  inno-  
v a t i o n  s c i e n c e .  The " r e c e i v e r s n  w i  ?. . in  t h e  f i r m s  who a d o p t s  t h e  
new t e c h n o l o g y  a r e  d e p e n d e n t  o n  t h e i r  i n f o r m a l  i n f o r m a t i o n  n e t -  
work and s o c i a l  sys t em i n  which t h e y  p i c k  up ,  e v a l u a t e  and 
d i s s e m i n a t e  new i n f o r m a t i o n .  I t  is  d i f f i c u l t  t o  o r g a n i z e  and 
s t i m u l a t e  s u c h  an i n f o r m a l  ne twork  and  s o c i a l  c o n t e x t  b u t  
n e v e r t h e l e s s  i t  is  i m p o r t a n t  f o r  t h e  d i f f u s i o n  p r o c e s s  i n  a  f i e l d  
o f  r a p i d  change .  I n  s e v e r a l  s t u d i e s  o f  t h e  d i f f u s i o n  o f  s m a l l  
computer  s y s t e m s  i n t o  new f i r m s  and o r g a n i z a t i o n s  t h e  i n f o r m a l  
c h a r a c t e r  o f  t h i s  p e n e t r a t i o n  h a s  been  s t r e s s e d .  F u r t h e r m o r e  
t h e  " g a t e  keepers ' '  w i t h i n  t h e s e  f i r m s  and o r g a n i z a t i o n s  seem 
m a i n l y  t o  have  a  t e c h n i c a l  r a t h e r  t h a n  m a n a g e r i a l  background.  
COMPUTER-ENHANCED BUREAUCRACY 
Al though  t h e  Darwin ian  message o f  " s u r v i v a l  o f  t h e  f i t t e s t "  
is q u e s t i o n e d  i n  many a r e a s  where a t t e m p t s  h a s  been  t o  a p p l y  i t ,  
i t  a p p l i e s  v e r y  w e l l  t o  o r g a n i z a t i o n a l  l i f e .  I t  h a s  been  a  c r u -  
c i a l  f o c u s  p o i n t  f o r  many r e s e a r c h e r s  i n  t h e  f i e l d  o f  management 
and c o n t r o l ,  t o  make a  b a l a n c e  be tween  a n  o r g a n i z a t i o n a l  
r a t i o n a l i t y  i n  o r d e r  t o  a c h i e v e  s h o r t  t e rm e f f i c i e n c y  and t o  
m a i n t a i n  t h e  a d a p t a b i l i t y  and f l e x i b i l i t y  needed f o r  l o n g  te rm 
s u r v i v a l .  I t h i n k  we a l l  p e r c e i v e  t h a t  t h e  i n t e r n a l  c o n d i t i o n s  
and t h e  e x t e r n a l  env i ronmen t  o f  a n  o r g a n i z a t i o n  a r e  chang ing  f a s -  
t e r  t h a n  e v e r  and t h e  r a t e  o f  c h a n g e  is i n c r e a s i n g .  T h i s  is  n o t  
o n l y  a  p s y c h o l o g i c a l  i l l u s i o n .  Some o f  t h e  most  i m p o r t a n t  o rgan -  
i z a t i o n a l  c h a r a c t e r  i s t i c s  i n f l u e n c e d  by t h e  cho2ce  o f  small or 
b i g  c o m p u t e r s  c a n  b e  s u m n a r i z e a  by t h e  c o n c e p t  o f  " b u r e a u c r a c y . "  
I t  may c a u s e  c o n f u s i o n  t o  u se  t h e  word " b u r e a u c r a c y "  because  i t  
means d i f f e r e n t  t h i n g s  t o  d i f f e r e n t  p e o p l e .  But w e  w i l l  u se  i t  
i n  t h e  s e n s e  o f  s i g n i f y i n g  t h e  s t a t e  o f  a f f a i r s  where s o  much 
e f f o r t  h a s  been  made t o  a c h i e v e  s h o r t  t e rm e f f i c i e n c y  i n  t h i s  
b a l a n c e  t h a t  t h e  g a i n  from i t  c a n n o t  pay  f o r  t h e  c o s t s  e n t a i l e d  
by  reduced  a d a p t a b i l i t y  and f l e x i b i l  i t y .  The b a l a n c e  and t r a d e -  
o f f s  a r e  p rob lems ,  b u t  due t o  t h e  deve lopmen t  o f  computer  t e c h -  
n o l o g y ,  t h e  a d v a n t a g e s  o f  c e n t r a l l y  d e v e l o p e d  and o p e r a t e d  l a r g e  
computer  i n s t a l l a t i o n s  which have  been  one  o f  t h e  main f o r c e s  o n  
t h e  e f f i c i e n c y  s i d e  o f  t h i s  b a l a n c e  a r e  now chang ing  a t  a  h i g h  
s p e e d .  
I n  s e v e r a l  s t u d i e s  [Pugh e t  a l .  1968,  K e r l i n g e r  19641 organ-  
i z a t i o n a l  s t r u c t u r e  h a s  been  s t u d i e d  i n  s i x  d i m e n s i o n s :  
-- f l e x i b i l i t y  
-- s p e c i a l i z a t i o n  
-- s t a n d a r d i z a t i o n  
-- formal  i z a t i o n  
-- c e n t r a l i z a t i o n  
-- con£ i g u r a t i o n  
We c a n  s p e c u l a t e  how t h e s e  d i m e n s i o n s  may b e  a f f e c t e d  d i f -  
f e r e n t l y  by s m a l l  o r  l a r g e  computer  s y s t e m s  when o r g a n i z a t i o n s  i n  
t h e i r  s t r i f e  f o r  a  h i g h e r  d e g r e e  o f  r a t i o n a l i s m  move t o w a r d s  a  
more b u r e a u c r a t i c  s t r u c t u r e .  Bjoern-Andersen  h a s  s u g g e s t e d  t h e  
te rm ' ' b u r e a u c r a t i c  r a t i o n a l i s m "  t o  s i g n i f y  t h i s  e f f e c t .  We w i l l  
d i s c u s s  s p e c i a l i z a t i o n ,  s t a n d a r d i z a t i o n ,  f o r m a l i z a t i o n  and cen-  
t r a l i z a t i o n  s e p a r a t e l y .  F l e x i b i l i t y  is  i n v o l v e d  i n  a l l  f o u r  o f  
t h e s e  p a r t s .  I n  f a c t ,  f l e x i b i l i t y  i s  what is  l o s t  i f  we g e t  t o o  
much of  t h e  o t h e r  f o u r  q u a l i t i e s .  
S p e c i a l i z a t i o n  
The d i v i s i o n  o f  l a b o r  i n t o  b a s i c  p a r t s  and t h e  d i s t r i b u t i o n  
o f  work a c c o r d i n g  t o  s u c h  a  d i v i s i o n  a s  was a d v o c a t e d  by T a y l o r  
i n  t h e  e a r l y  d a y s  h a s  a l l owed  f o r  t remendous  s u c c e s s e s  i n  t h e  
o u t p u t  of i n d u s t r i a l  p r o d u c t i o n .  I t  h a s ,  however ,  t a k e n  most  peo- 
p l e  i n  o r g a n i z a t i o n s  a  v e r y  l o n g  t i m e  t o  r e a l i z e  t h a t  t h i s  
d i v i s i o n  may a l s o  be  a  c a u s e  o f  d e c r e a s i n g  p r o d u c t i v i t y ,  d e c r e a s -  
ing  job  s a t i s f a c t i o n  and d e c r e a s i n g  f l e x i b i l i t y  o f  t h e  o r g a n i z a -  
t i o n s .  Weizenbaum [ I9761  h a s  p h r a s e d  i t  s h a r p l y :  " a n  i n d i v i d u a l  
is de-humanized whenever he  is  t r e a t e d  a s  l e s s  t h a n  a  whole  p e r -  
son . "  The i n t r o d u c t i o n  o f  computer  s y s t e m s  h a s  been  shown t o  
i n c r e a s e  t h e  d e g r e e  o f  s p e c i a l  i z a t i o n  w i t h i n  s e v e r a l  o r g a n i z a -  
t i o n s .  The e s t a b l i s h m e n t  o f  l a r g e  s c a l e  o p e r a t i o n  i n  g e n e r a l  is 
o f t e n  t r i g g e r e d  by t h e  d e s i r e  t o  a c h i e v e  h i g h  p r o d u c t i v i t y  
t h r o u g h  f r a g m e n t a t i o n  o f  work and s p e c i a l i z a t i o n .  With a  g r e a t e r  
number of  s m a l l  c o m p u t e r s  o p e r a t e d  by p e o p l e  w i t h  l e s s  s p e c i a l i -  
z a t i o n ,  t h e  b e n e f i t s  o f  computer  power may b e  p r e s e r v e d  w i t h o u t  
t h e  b u r e a u c r a t i c  e f f e c t  o f  i n d i v i d u a l  s p e c i a l i z a t i o n .  The i n d i -  
v i d u a l s  w i l l  e x p e r i e n c e  t h e  s a t i s f a c t i o n  o f  s e r v i n g  a  b r o a d e r  
s p e c t r u m  of f u n c t i o n s  and w i l l  have  t h e  a d d i t i o n a l  s a t i s f a c t i o n  
o f  g a i n i n g  more c o n t r o l  a l s o  o f  t h e  computer  i t s e l f .  
S t a n d a r d i z a t i o n  
The s t a n d a r d i z a t i o n  o f  p r o c e d u r e s  is  a n o t h e r  c o r n e r s t o n e  o f  
l a r g e  s c a l e  d a t a  p r o c e s s i n g .  I t  h a s  e n a b l e d  t r emendous  s u c c e s s e s  
and h a s  imposed a  l o t  o f  r i g i d i t y  s t i f f n e s s  i n  many p r o c e s s e s .  
The e f f e c t s  a r e  o n l y  t o o  w e l l  known. S t a n d a r d i z a t i o n  a l s o  con- 
f l i c t s  w i t h  t h e  i n d i v i d u a l  c h o i c e  o f  f u l f i l l i n g  a  t a s k  i n  t h e  way 
t h a t  t h e  i n d i v i d u a l  f i n d s  most  e f f e c t i v e .  T h a t  is  a n  e l e m e n t  o f  
j ob  s a t i s f a c t i o n  and i n  e x t r e m e  c a s e s  a  d e - s t a n d a r d i z a t i o n  is  
c a l l e d  upon t o  a c h i e v e  t h e  r e s t a u r a t i o n  o f  working s k i l l s .  
Again t h e  a d v e n t  o f  low c o s t ,  s m a l l  c o m p u t e r s  may r e d u c e  
t h i s  dilemma. Because o f  i t s  economy i t  is  now f e a s i b l e  i n  many 
more t a s k s  t h a n  b e f o r e  t o  l e t  t h e  worker o r  manager a d o p t  t h e  
computer  t o  f u l f i l l  t h e  t a s k  i n  t h e  way h e  p e r c e i v e s  b e s t .  Nex t ,  
upper  l e v e l  management may l o o s e n  t h e  c o n t r o l  o f  - how t h i n g s  a r e  
done w i t h o u t  l o o s e n i n g  c o n t r o l  o f  what  is  b e i n g  done .  T h i s  f l e x -  
i b i l i t y  t o  c h o o s e  your  own p e r s o n a l  s t y l e  o f  comput ing  is e a s i e r  
t o  a c h i e v e  o n  a  s m a l l  computer  w i t h  no c o m p l i c a t e d  j o b  c o n t r o l  
l a n g u a g e  and a  f u l l  c o n t r o l  o f  e v e r y  a s p e c t  o f  compu t ing .  Of 
c o u r s e ,  t h i s  h a s  t o  b e  t r a d e d  o f f  a g a i n s t  t h e  more e l a b o r a t e  sup-  
p o r t  s y s t e m s  a v a i l a b l e  o n  l a r g e r  compu te r s .  However, t h i s  a rgu -  
ment seems t o  v a n i s h  p a r t l y  a s  when e . g . ,  s u c h  a  u s e r - f r i e n d l y  
o p e r a t i n g  sys tem a s  U N I X  is  now a v a i l a b l e  o n  mic rocompute r s .  
F o r m a l i z a t i o n  
Formal i z a t i o n  d e n o t e s  t h e  e x t e n t  t o  which  r u l e s ,  p r o c e d u r e s ,  
i n s t r u c t i o n s  and communica t ions  a r e  w r i t t e n .  The i n t r o d u c t i o n  o f  
compu te r s  h a s  a l s o  meant  a  s t e p  t o w a r d s  i n c r e a s e d  f o r m a l i z a t i o n  
i n  t h e  o r g a n i z a t i o n .  A p a r t  from i t s  b e n e f i t s  i n  t h e  form o f  t h e  
i n c r e a s e d  p o t e n t i a l  u s e  o f  c o m p u t e r s ,  t h e r e  h a s  o f t e n  been  t h e  
a d d i t i o n a l  b e n e f i t  o f  c l a r i f i c a t i o n  o f  a d m i n i s t r a t i v e  p r o c e d u r e s  
[ B a l l e ]  . 
Here a r i s e s  t h e  q u e s t i o n  a b o u t  what i n f o r m a t i o n  may b e  f o r -  
m a l i z e d .  Al though t h e  d e s i g n e r  o f  a  s y s t e m  may be  aware  o f  i t s  
l i m i t a t i o n s  and h o n e s t l y  s t a t e  how i t  may b e  n e c e s s a r y  t o  t r e a t  
t h e  fo rma l  sys tem j u s t  a s  a  p a r t  o f  t h e  t o t a l  sys t em t o  b e  s t u -  
d i e d ,  t h e  a c t u a l  u s e  o f  t h e  sys t em may i g n o r e  t h e s e  l i m i t a t i o n s .  
T h i s  t y p e  o f  b e h a v i o r  c a n  o f t e n  b e  o b s e r v e d .  The u s e  o f  computer  
c o n f e r e n c i n g  and message s w i t c h i n g  s y s t e m s  h a s  r e c e n t l y  a t t r a c t e d  
a  l o t  of  i n t e r e s t .  Two i m p o r t a n t  s u r v e y s  i n  t h i s  a r e a  have  
r e c e n t l y  been  pub1 i s h e d .  T u r r o f f  and H i l t z  [1978]  p o i n t  o u t  t h a t  
t h e  use o f  c o m p u t e r s  f o r  human communica t ion  " h a s  d r a m a t i c  
p s y c h o l o g i c a l  and s o c i o l o g i c a l  i m p a c t s  on  v a r i o u s  g r o u p  communi- 
c a t i o n  o b j e c t i v e s  and p r o c e s s e s . "  B u t  t h i s  s h o u l d  n o t  o n l y  b e  
t h o u g h t  of  a s  c o n s t r a i n t s .  They a l s o  s t r e s s  t h a t  s u c h  equipment  
may " f a c i l i t a t e  t h e  r i c h n e s s  and v a r i a b i l i t y  o f  human g r o u p i n g s  
and r e l a t i o n s h i p s  a l m o s t  i m p o s s i b l e  t o  comprehend ." 
An e x t e n s i v e  summary o f  s o c i a l  e v a l u a t i o n s  o f  t e l e c o n f e r e n c -  
i ng  h a s  r e c e n t l y  been  p u b l i s h e d  by t h r e e  s c i e n t i s t s  f rom t h e  
I n s t i t u t e  f o r  t h e  F u t u r e  i n  Menlo Park  [ J o h a n s e n  e t  a l .  1979) .  
The a u t h o r s  h a v e  made an  a n a l y s i s  o f  s e v e r a l  means o f  communica- 
t i o n s .  They a r e  v e r y  c a r e f u l  n o t  t o  make any  g e n e r a l  s t a t e m e n t s  
a b o u t  t h e  f u t u r e .  
Some p e r s o n a l  s k i l l s  seem t o  have  s u r p r i s i n g l y  l i t t l e  
e f f e c t  i n  computer  c o n f e r e n c i n g .  The a b i l i t y  t o  t y p e  
d o e s  n o t  seem t o  b e  a s  l a r g e  a  b a r r i e r  t o  p a r t i c i p a t i o n  
a s  o n e  would a t  f i r s t  assume;  n o r  d o e s  computer  e x p e r -  
t i s e .  
The a u t h o r s  c o n c l u d e  
t h e  media  d o  indeed  o f f e r  r e a l  o p p o r t u n i t i e s  t o  improve 
communica t ion  by r e d u c i n g  t h e  b a r r i e r s  o f  s p a c e  and 
t ime .  However, a  c e n t r a l  theme o f  t h i s  book h a s  been  
t h a t  b e n e f i t s  a r e  e a s i l y  t r a n s f o r m e d  i n t o  l i a b i l i t i e s ,  
p r o m i s e s  i n t o  d i s a p p o i n t m e n t s ,  and u t o p i a s  i n t o  d y s t o -  
p i a s .  For  e v e r y  p o s s i b l e  improvement s u g g e s t e d  by e l e c -  
t r o n i c  med ia ,  i t  i s  n e c e s s a r y  t o  add a t  l e a s t  a  word o f  
c a u t i o n .  
I t  migh t  b e  u s e f u l  t o  remember one  a s p e c t  o f  b u r e a u c r a t i c  
s t y l e  a s  i t  h a s  been  e x p r e s s e d  by t h e  F rench  s o c i o l o g i s t  Michel  
C r o z i e r  [ 1 9 6 4 ] .  He s e e s  o n e  a s p e c t  t o  b e  a  s h a r e d  " h o r r o r  of  
f a c e - t o - f a c e  con£  r o n t a t i o n s "  . 
The u s e  o f  c o m p u t e r s  n e c e s s a r i l y  i n v o l v e s  fo rma l  i z e d  i n f o r -  
m a t i o n .  T h e r e  seems t o  b e  a  r e - e v a l u a t i o n  o f  t h e  s i g n i f i c a n c e  o f  
t h i s  f a c t .  The e a r l y  o p t i m i s t s  b e l i e v e d  t h a t  a  b road  r a n g e  o f  
i n f o r m a t i o n  i n v o l v i n g  human v a l u e s  and d e s c r i p t i o n s  o f  human 
b e h a v i o r  c o u l d  be f o r m a l i z e d .  The l i m i t a t i o n s  o f  f o r m a l i z e d  
i n f o r m a t i o n  seem now t o  b e  i n v e s t i g a t e d  more i n  d e p t h  f o r  
i n s t a n c e  by Dreyf u s  [1972]  and Wei zenbaum [1976] .  The r a t i o n a l  
p r o c e s s e s  based  on  f o r m a l i z e d  i n f o r m a t i o n  may n o t ,  i n  f a c t ,  p r o -  
duce  t h e  i n f o r m a t i o n  needed a s  a  b a s i s  f o r  management and con- 
t r o l .  When j u s t i c e ,  e q u a l i t y ,  t o l e r a n c e  and o t h e r  human v a l u e s  
a r e  l e f t  e x t e r n a l  t o  t h e  compu te r i zed  s y s t e m ,  t h e  r e s u l t s  o f  t h e  
s y s t e m s  may be  o f  v e r y  l i m i t e d  v a l u e .  Weizenbaum u s e s  t h e  te rm 
" i n s t r u m e n t a l  r e a s o n "  f o r  such  a  l i m i t e d  p r o c e s s .  He a r g u e s  t h a t  
" i n s t r u m e n t a l  r e a s o n s  c a n  make d e c i s i o n s ,  b u t  t h e r e  is  a l l  t h e  
d i f f e r e n c e  be tween  d e c i d i n g  and c h o o s i n g . "  
R e c e n t l y  t h e  1 i m i t a t i o n s  o f  fo rma l  i z e d  i n f o r m a t i o n  have  a l s o  
been d i s c u s s e d  i n t e n s i v e l y  i n  a r e a s  which o n l y  a  s h o r t  t i m e  a g o  
were c o n s i d e r e d  a s  domains  o n l y  f o r  f o r m a l i z e d  l a n g u a g e .  The 
most s t r i k i n g  example h a s  been  p r o v i d e d  by d e  M i l l o  e t  a l .  [ I9791  
who have  c l a i m e d  t h a t  p r o o f s  o f  m a t h e m a t i c a l  t h e o r e m s  and com- 
p u t e r  p rograms a r e  a s  much a  s o c i a l  p r o c e s s  a s  t h e y  c o n s i s t  o f  
l o g  ic  . 
I f  someone b e l i e v e s  t h a t  t h e  demand f o r  f o r m a l i z e d  d a t a  
e x c l u d e s  " o n l y "  v a l u e s ,  f e e l i n g s  and s i m i l a r  non-formal i z a b l e  
i n f o r m a t i o n ,  Weizenbaum q u o t e s  a  b e a u t i f u l  c o u n t e r  example.  I n  a  
s t a t i s t i c a l  s t u d y  o f  s e i s m i c  d a t a  s c i e n t i s t s  d e l i b e r a t e l y  o m i t t e d  
a l l  r e f e r e n c e  t o  e a r t h q u a k e s  r e c o r d e d  b e f o r e  1961. They l o s t  a  
f a c t o r  of two i n  i n f o r m a t i o n  c o n t e n t ,  b e c a u s e  i n f o r m a t i o n  a f t e r  
t h a t  d a t e  was more e a s i l y  a c c e s s i b l e  i n  a  f o r m a l i z e d  form.  
Weizenbaum c o n c l u d e s  " t h e  corr.puter h a s  t h u s  begun t o  b e  a n  
i n s t r u m e n t  f o r  t h e  d e s t r u c t i o n  o f  h i s t o r y "  [Wei zenbaum 1976 
p .  2381 . 
Sys tems  b u i l t  upon h e u r i s t i c  p r i n c i p l e s  is  a n o t h e r  a r e a  o f  
c o n c e r n .  Many l a r g e  management i n f o r m a t i o n  s y s t e m s  (MIS) a r e  
i n c o m p r e h e n s i b l e  t o  t h e  u s e r s  and t h u s  t h e r e  is a  h i g h  r i s k  t h a t  
a  MIS o f  t h i s  s o r t  may b e  used m e c h a n i c a l l y  and w i t h o u t  s e r i o u s  
i n t e l l e c t u a l  c o n s i d e r a t i o n s .  Weizenbaum [ I9781 : 
The s e c r e t  o f  t h e  c o m p r e h e n s i b i l i t y  o f  some l a r g e  com- 
p u t e r  s y s t e m s  i n  t h e  s c i e n t i f i c  domain is  t h a t  t h e s e  
s y s t e m s  a r e  mode l s  o f  v e r y  r o b u s t  t h e o r i e s .  When t h e y  
go  wrong t h e  e r r o r s  t h e y  p roduce  r e s u l t  i n  b e h a v i o r s  
which  c o n t r a d i c t  t h e i r  t h e o r i e s .  
T h i s  is n o t  t h e  problem a r e a  b u t ,  t o  c o n t i n u e  t o  q u o t e  Weizen- 
baum, t h i s  i s  i n  c o n t r a s t  t o :  
La rge  computer  s y s t e m s  a r e  t y p i c a l l y  n o t  d e s i g n e d  i n  
t h e  o r d i n a l  s e n s e  o f  t h e  te rm.  Though t h e y  b e g i n  w i t h  
an  idea--a  d e s i g n ,  i f  you wil- . - -which i s  t h e n  imple-  
mented ,  t h e y  s o o n  undergo  a  s t e a d y  p r o c e s s  o f  m o d i f i c a -  
t i o n ,  o f  a c c r e t i o n  t o  b o t h  t h e  c o n t r o l  s t r u c t u r e s  and 
t h e i r  d a t a  b a s e s ,  which c h a n g e s  and c o n t i n u e s  t o  c h a n g e  
them f u n d a m e n t a l l y .  T y p i c a l l y  t o o ,  t h i s  s o r t  o f  s u r g e r y  
i s  c a r r i e d  o u t ,  n o t  by t h e  o r i g i n a l  p rogrammers ,  b u t  by 
p e o p l e  who come and g o  from and t o  o t h e r  a s s i g n m e n t s .  
A s  a  r e s u l t  a g a i n  t y p i c a l l y ,  no i n d i v i d u a l s  o r  t eams  o f  
p e o p l e  u n d e r s t a n d  t h e  l a r g e  s y s t e m s .  Modern l a r g e  
s c a l e s  sys t em s i m p l y  h a v e  no a u t h o r s ;  t h e y  h a v e  i n  
Minsky ' s  words ,  e v o l v e d  i n t o  wha teve r  t h e y  h a v e  become 
[Weizenbaum 19781. 
The i n c o m p r e h e n s i b i l i t y  and a n o n i m i t y  i n v o l v e d  i n  MIS o f  t h i s  
kind p r o b a b l y  r e s u l t  i n  an  i r r e s p o n s i b l e  and mechan ica l  u s e  o f  
s u c h  s y s t e m s .  Today  a n  o r g a n i z a t i o n  h a s  s u c h  a  f a s t  c h a n g i n g  
e n v i r o n m e n t  and chang  i n g  demands t h a t  s u c h  b e h a v i o r  p r o b a b l y  w i l l  
l e a d  t o  i n f e r i o r  management .  
A n o t h e r  a s p e c t  o f  t h e  h e a v y  u s e  o f  c o m p u t e r s  f o r  m a n a g e r i a l  
c o n t r o l  is t h a t  a l m o s t  no r e s o u r c e s  f o r  r e s e a r c h  a n d  d e v e l o p m e n t  
i n  t h i s  a r e a  a r e  d e v o t e d  t o  m e t h o d s  n o t  u s i n g  c o m p u t e r s .  S t e w a r t  
[ I 9 7 7 1  p h r a s e s  t h i s  d i l emma:  
t h e  i n d i v i d u a l ' s  commitment  t o  a  p a r t i c u l a r  t o o l  o r  
t e c h n i q u e  may c r e a t e  a  s e t  which  l e a d s  him t o  o v e r l o o k  
and n o t  e v e n  c o n s i d e r  r e p r e s e n t a t i o n s  o f  t h e  p r o b l e m  
w h i c h  a r e  n o t  a m e n a b l e  t o  t h a t  a p p r o a c h .  
Almost  a l l  R & D  i n  t h e  a r e a  o f  management a n d  c o n t r o l  is d e v o t e d  
t o  c o m p u t e r i z e d  t e c h n i q u e s .  T h i s  may b e  a  c o r r e c t  a n d  h e a l t h y  
d e v e l o p m e n t  b u t  I h a v e  a  f i r m  b e l i e f  t h a t  o f t e n  t h e s e  d e c i s i o n s  
a r e  t a k e n  w i t h o u t  c o n s i d e r i n g  a n  a 1  t e r n a t i v e  a p p r o a c h .  
I h a v e  d i f f i c u l t i e s  s e e i n g  how c h e a p  a n d  s m a l l  c o m p u t e r s  may 
come t o  r e d u c e  t h e  d i s a d v a n t a g e  o f  f o r m a l  i z e d  c o m m u n i c a t i o n s  
w i t h i n  an o r g a n i z a t i o n .  Due t o  i n d i v i d u a l i z a t i o n  o f  c o m p u t e r s  
t h e r e  may o f  c o u r s e  b e  a  w i d e r  c h o i c e  o f  a c t u a l  f o r m a l i z a t i o n .  
C e n t r a l i z a t i o n  
Economy o f  s c a l e  i n  c o m p u t e r  h a r d w a r e  and  c o m p u t e r  s e r v i c e  
o p e r a t i o n s  is  o b v i o u s l y  t h e  main  d r i v i n g  f o r c e  f o r  c e n t r a l i z e d  
c o m p u t e r  i n s t a l l a t i o n s .  I n  many a p p l i c a t i o n  a r e a s ,  a s  a l r e a d y  
m e n t i o n e d ,  t h e  f i r s t  o f  t h o s e  a s p e c t s  is  n o  l o n g e r  a p p r o p r i a t e .  
Economy o f  s c a l e  h a s  i n  many a r e a s  t u r n e d  i n t o  h i s e c o n o m y  - o f  
s c a l e  w i t h  s o f t w a r e  a s  t h e  p i v o t i n g  e l e m e n t .  
The d i s a d v a n t a g e s  o f  c e n t r a l i z e d  s y s t e m s  a r e  d u e  m a i n l y  t o  
t h e  s i z e  and  c o m p l e x i t y  o f  s u c h  s y s t e m s .  G o r s k i i  [ I 9 7 8 1  h a s  sum- 
m e r i z e d  t h e  c h a r a c t e r i s t i c s  o f  l a r g e  s y s t e m s :  
L a r g e  s y s t e m s ,  b e s i d e s  s i z e ,  a r e  b u r d e n e d  by t h r e e  
o t h e r  " c u r s e s "  : 
s u b j e c t i v i t y  c a u s e d  by  t h e  p r e s e n c e  o f  human b e i n g s  i n  
t h e i r  g o v e r n i n g  (management)  n e t w o r k s ;  
a  l a r e e  number o f  c h a n s i n a  and  c o n t r a d i c t o r v  o b i e c -  
-- a > -
t i v e s .  The d e v e l o p m e n t  a n d  f u n c t i o n i n g  o f  i a r g e  s y s -  
t e m s  i s  a l w a y s  c o n d i t i o n e d  by  a  m u l t i p l i c i t y  o f  o b j e c -  
t i v e s ,  o n e  p o r t i o n  o f  which  b e c a u s e  o b j e c t i v e  and  sub-  
j e c t i v e  c a u s e s  p r o v e  t o  b e  c o n t r a d i c t o r y  a n d  c h a n g i n g  
i n  t i m e .  
u n c e r t a i n t y .  The d e v e l o p m e n t  a n d  f u n c t i o n i n g  o f  l a r g e  
s y s t e m s  a l w a y s  t a k e s  p l a c e  u n d e r  a n  u n d e t e r m i n e d  d e g r e e  
o f  u n c e r t a i n t y  w h i c h  p e r m e a t e s  t h e  w h o l e  s p h e r e  o f  
management ( t h e  l i m i t e d  c e r t a i n t y  o f  t h e i r  e x t e r n a l  
e n v i r o n m e n t ,  o f  t h e  i n t e r n a l  p r o p e r t i e s  o f  l a r g e  s y s -  
tems and  t h e  l i m i t e d  c e r t a i n t y  o f  t h e i r  g o a l s ) .  
I t  i s ,  on t h e  o t h e r  hand ,  somewhat m e a n i n g l e s s  t o  t a l k  a b o u t  
[ C o r n e l l  19791 " d e c e n t r a l  i z e d "  d a t a  p r o c e s s i n g  t o  r e p l a c e  o r  t o  
be a  complement t o  c e n t r a l i z e d  a c t i v i t i e s .  T h i s  c o n c e p t  h a s  d i f -  
f e r e n t  meanings s u c h  a s  i n t e r a c t i v e  d a t a  p r o c e s s i n g ,  r e g i o n a l  
d a t a  b a s e s ,  d i s t r i b u t i o n  o f  power and i n f l u e n c e ,  d i s t r i b u t i o n  o f  
ha rdware  e t c .  D e c e n t r a l i z a t i o n  o f  t h e  d e s i g n  and deve lopmen t  o f  a  
s y s t e m  is n e c e s s a r y  i f  t h e  p s y c h o l o g i c a l  a d v a n t a g e s  o f  s m a l l  s y s -  
tems a r e  t o  b e  r e a c h e d .  The d i s t r i b u t i o n  o f  s m a l l  u n i t s  o f  
ha rdware  is n o t  enough,  T h i s  deve lopment  is  n o t  w i t h o u t  p rob lems ,  
Barsamian [ I9791  s t a t e s :  
The t r e n d  toward d i s t r i b u t e d  s y s t e m s  w i l l  i n e v i t a b l y  
l e a d  t o  t h e  d i s t r i b u t i o n  o f  d a t a  b a s e s ,  t h u s  a d d i n g  new 
c o m p l e x i t i e s  t o  t h e  p e r e n n i a l y  c r i t i c a l  d e s i g n  p rob lems  
o f  d a t a  i n t e g r i t y ,  r e c o v e r y ,  s e c u r i t y  and p r i v a c y .  
C o n f i g u r a t i o n  
I t  i s  t o o  e a r l y  t o  judge  a l l  t h e  i m p l i c a t i o n s  f o r  t h e  o rgan-  
i z a t i o n a l  con£  i g u r a t i o n  o f  s m a l l  compute r s  i n  management. For 
o t h e r  t h a n  m a n a g e r i a l  t a s k s  i t  h a s  been  o b s e r v e d  [Pugh e t  a l .  
19681 t h a t :  
a  symptom o f  b u r e a u c r a t i z a t i o n  may b e  t h e  number o f  
c l e r k s .  A c l e r i c a l  j o b  is d e f i n e d  a s  o n e  where t h e  main 
p r e s c r i b e d  t a s k  is w r i t i n g  and r e c o r d i n g ,  b u t  where 
t h e r e  is no s u p e r v i s o r y  r e s p o n s i b i l i t y  f o r  s u b o r d i n a t e s  
o t h e r  t h a n  t y p i s t s ,  
With more s m a l l  compute r s  f o r  word p r o c e s s i n g  and s i m i l a r  
u se  t h i s  t y p e  o f  b u r e a u c r a t i z a t i o n  may be r e d u c e d ,  
The most o b v i o u s  c h a n g e  t o  come--and i n  many o r g a n i z a t i o n s  
i t  h a s  a l r e a d y  come--is t h e  t r a n s f o r m a t i o n  o f  t h e  t r a d i t i o n a l  
d a t a  p r o c e s s i n g  d e p a r t m e n t s ,  T h e i r  i m p o r t a n c e  f o r  t h e  o r g a n i z a -  
t i o n  w i l l  n o t  b e  less i n  t h e  f u t u r e ,  b u t  t h e i r  r o l e  w i l l  b e  d i f -  
f e r e n t ,  Thev w i l l  be  t r a n s f o r m e d  t o  t h e  i n f o r m a t i o n  manaaement 
d e p a r t m e n t  t o  p l a n  t h e  i n f o r m a t i o n  f l o w  and d i s t r i b u t i o n  
t h r o u g h o u t  t h e  o r g a n i z a t i o n ,  The fo rward - look ing  d a t a  p r o c e s s i n g  
managers  a r e  s t a r t i n g  t o  p l a n  f o r  t h i s  r o l e  now, 
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Due t o  t h e  s i m i l a r i t y  i n  c o s t s  f o r  l a r g e  o r  s m a l l  computer  
based  s y s t e m s ,  a s  ment ioned  i n  t h e  i n t r o d u c t i o n ,  t h e  n e c e s s a r y  
c h o i c e s  of  sys t em s p e c i f i c a t i o n s ,  s y s t e m  development  s t r a t e g y  and 
sys t em components  seem t o  b e  more open  t h a n  e v e r .  The p e o p l e  who 
choose  t h e  t e c h n o l o g y  h a v e  a  wide r  c h o i c e  t h a n  e v e r .  The a rgu -  
ments  of a v o i d i n g  "computer  enhanced b u r e a u c r a t i z a t i o n "  may b e  o f  
d e c i s i v e  v a l u e ,  Because ( a t  l e a s t  no s h o r t  t e rm)  economic 
a rgumen t s  a r e  d e c i s i v e ,  t h e i r  a p p l i c a t i o n  seems t o  b e  d e p e n d e n t  
t o  l a r g e  d e g r e e  on  t h e  v a l u e s  h e l d  by t h e  d e c i s i o n - m a k e r s .  
Behind t h e  a c t u a l  d e c i s i o n s  one  w i l l  o f t e n  f i n d  d i f f e r e n t  pe rcep -  
t i o n s  of  t h e  r e l a t i o n s h i p s  between t e c h n o l o g y  and t h e  m a n a g e r i a l  
s i t u a t i o n .  Robin Roy h a s  made a  c o n c i s e  c l a s s i f i c a t i o n  o f  d i f -  
f e r e n t  a p p r o a c h e s  t o  t h e  r o l e  o f  s c i e n c e  and t e c h n o l o g y  i n  s o c i e -  
t a l  deve lopmen t  [Roy 1976,  P e r s s o n  19791. H e  e m p h a s i z e s  t h e  
f a i l u r e  of f o u r  b a s i c  d e t e r m i n i s t i c  models  o f  b e h a v i o r  i n  which 
one  f a c t o r - - t e c h n o l o g y ,  economics ,  p o l i t i c s  o r  i d e o l o g y - - i s  
chosen  t o  d e t e r m i n e  e v e r y t h i n g  e l s e .  H i s  g e n e r a l  f i n d i n g s  may 
a l s o  d e s c r i b e  f o u r  a s p e c t s  o f  b e h a v i o r  i n  o u r  p r e s e n t  c o n t e x t .  
With t e c h n o l o g i c a l  d e t e r m i n i s m  t e c h n o l o g i c a l  c h a n g e  i s  s e e n  
a s  t h e  d r i v i n g  f o r c e  o f  s o c i e t y .  O r g a n i z a t i o n s  a r e  r anked  
a c c o r d i n g  t o  t h e  l e v e l  o f  t e c h n o l o g i c a l  deve lopmen t  t h e y  h a v e  
r eached  and t h e  n a t u r e  o f  a n  o r g a n i z a t i o n  is d e t e r m i n e d  by t h e  
c h a r a c t e r  i s t i c s  o f  i t s  t e c h n o l o g y .  The i n d u s t r i a l  r e v o l u t i o n  may 
be  s e e n  a s  a  d i r e c t  c o n s e q u e n c e  o f  t e c h n o l o g i c a l  i n n o v a t i o n s .  
T h i s  model may seem v e r y  c o n v i n c i n g  b u t  i t  c a n n o t  e x p l a i n  why 
most i n v e n t i o n s  f a i l e d  t o  s u r v i v e  o r  why some compan ie s  f a i l  t o  
u se  t h e i r  s u p e r i o r  t e c h n o l o g i c a l  knowledge. I n  s h o r t ,  t h i s  model 
c a n n o t  e x p l a i n  why t e c h n o l o g i c a l  deve lopmen t  h a s  been  a s  i t  is ,  
I n  economic d e t e r m i n i s m  one  f o c u s e s  o n  economy a s  a  domina t -  
ing  c r i t e r i o n  f o r  t e c h n o l o g i c a l  c h o i c e .  The t e c h n o l o g i e s  
deve loped  and s e l e c t e d  a t  a  g i v e n  t i m e  and p l a c e ,  a r e  t h o s e  most  
s u i t e d  t o  t h e  p r e v a i l  ing  economic c o n d i t i o n s .  They a r e  m o d i f i e d  
by commerc ia l  p r e s s u r e s  f o r  c u t t i n g  c o s t s  and expand ing  s a l e s .  
Roy m e n t i o n s  a s  a n  example t h a t  t h e  l e v e l  o f  m e c h a n i z a t i o n  i n  
Ford c a r  f a c t o r i e s  is lower  i n  B r i t a i n  t h a n  i n  t h e  Un i t ed  S t a t e s .  
T h i s  is due t o  d i f f e r e n c e s  i n  t h e  r e l a t i v e  c o s t  o f  l a b o r  t o  
mach ine ry  i n  t h e  two c o u n t r i e s ,  p l u s  a  common d e s i r e  o f  B r i t i s h  
and American management t o  min imize  t h e  c o s t .  The p r o d u c t  and 
s e r v i c e  t e c h n o l o g i e s  a d o p t e d  w i l l  t e n d  t o  b e  t h o s e  which w i l l  be  
c o m m e r c i a l l y  s u c c e s s f u l .  Much o f  t h e  t e c h n o l o g i c a l  deve lopmen t  
can  a p p a r e n t l y  be  e x p l a i n e d  by t h e s e  mechanisms,  b u t  n o t  a l l .  I n  
many a r e a s  1 i k e  m e d i c i n e ,  weapons and s p a c e  e x p l o r a t i o n  
a p p a r e n t l y  p o l i t i c a l ,  human and o t h e r  c o n s i d e r a t i o n s  p l a y  a  
g r e a t e r  r o l e .  
Ano the r  way t o  e x p l a i n  t e c h n o l o g i c a l  c h a n g e s  is t h r o u g h  a  
model of p o l i t i c a l  d e t e r m i n i s m .   his i s  b a s e d - o n  t h e  v i e w - t h a t  
b o t h  economic and t e c h n o l o g i c a l  deve lopmen t  a r e  i n  t u r n  d e t e r -  
mined by " p o l i t i c a l "  f o r c e s .  The two o t h e r  mode l s  d o  n o t  t a k e  
i n t o  a c c o u n t  " t h e  i n e q u a l i t i e s  o f  power among t h e  i n d i v i d u a l s ,  
g r o u p s ,  and i n s t i t u t i o n s  w i t h i n  it." I t  would t h e r e f o r e  n o t  b e  
s u r p r i s i n g  i f  t h e  t e c h n o l o g i e s  d e v e l o p e d  and adop ted  by a n  o rgan -  
i z a t i o n  r e f l e c t e d  t h e  i n t e r e s t  and v a l u e s  o f  t h e  more power fu l  
and i n £  l u e n c  i a l  members o f  t h a t  o r g a n i z a t i o n ,  I t  seems however 
t h a t  a l l  t e c h n o l o g i c a l  change  c a n n o t  b e  e x p l a i n e d  i n  t e r m s  o f  t h e  
p o l i t i c a l  s t r a t e g y  b y  t h e  p o w e r f u l .  
" T h i s  b r i n g s  u s  t o  i d e o l o g i c a l  d e t e r m i n i s m  , which  is  based  
on t h e  v iew t h a t  w h a t e v e r  t h e  a p p a r e n t  economic o r  p o l i t i c a l  f a c -  
t o r s  i n £  l u e n c i n g  t e c h n o l o g i c a l  deve lopmen t ,  a t  a  more fundamen ta l  
l e v e l  t h e s e  a r e  t h e m s e l v e s  u n d e r p i n n e d  b y  a  h i d d e n  s e t  o f  b e l i e f s  
and v a l u e s  w h i c h  t a k e n  t o g e t h e r  make up  t h e  w o r l d  v i e w  o r  i d e o l -  
ogy . "  S u ~ h  a n  i d e o l o g y  c a n  b e  t r a c e d  b a c k  t o  h i s t o r i c a l  d e v e l o p -  
m e n t s  and t h e  e m e r g e n c e  o f  t h e  b e l i e f  t h a t  t h e  u s e  o f  t e c h n o l o g y  
would l i b e r a t e  mank ind  f r o m  m a t e r i a l  w a n t ,  f r o m  d i s e a s e  a n d  t o i l .  
B u t  h a v e  o u r  i d e o l o g i e s  grown by t h e m s e l v e s ?  Are t h e y  t h e  
i n d e p e n d e n t  d r i v i n g  f o r c e s  o f  t e c h n o l o g y ?  A p p a r e n t l y  n o t .  
Roy c o n c l u d e s  h i s  r e v i e w  b y  r e j e c t i n g  e a c h  o f  t h e s e  m o d e l s  
a s  t h e  o n l y  o n e  t o  e x p l a i n  t e c h n o l o g i c a l  d e v e l o p m e n t .  H e  a r g u e s  
t h a t  a  modern  v i e w  m u s t  b e  a n  i n t e g r a t e d  o n e ;  c o m b i n i n g  e l e m e n t s  
f rom e a c h  o f  t h e  m o d e l s  a l r e a d y  d i s c u s s e d .  They  a l l  i n t e r a c t  w i t h  
e a c h  o t h e r  i n  a  c o m p l e x  manner  w i t h  o n e  o r  t h e  o t h e r  v a r i a b l e  
b e i n g  o f  p a r t i c u l a r  i m p o r t a n c e  u n d e r  d i f f e r e n t  c i r c u m s t a n c e s .  The 
mos t  i m p o r t a n t  i m p l i c a t i o n  o f  h i s  a n a l y s i s  i s  t h a t  s o l v i n g  impor-  
t a n t  i n d u s t r i a l  p r o b l e m s :  
r e q u i r e s  n o t  o n l y  c h a n g e s  i n  s o c i e t y ,  a n d  i n  t h e  way o f  
l i f e  o f  i t s  members ,  b u t  a l s o  c h a n g e s  i n  t h e  c r i t e r i a  
u s e d  i n  t h e  c h o i c e  a n d  d e s i g n  o f  i t s  t e c h n o l o g i e s .  The 
o u t c o m e  o f  s u c h  c h a n g e s  would b e  b o t h  a n  ' a l t e r n a t i v e '  
t e c h n o l o g y  a n d  a n  ' a l t e r n a t i v e '  s o c i e t y ,  
W e  h a v e  d w e l l e d  o n  t h i i  d i s c u s s i o n  b e c a u s e  i t  shows t h a t  t h e  
c h a n g e s  w e  f i n d  i n  o u r  p a r t i c u l a r  f i e l d  o f  t e c h n o l o g y  a r e  n o t  
c a u s e d  b y  s i m p l e  i n t r a - t e c h n i c a l  c o n s i d e r a t i o n s .  R a t h e r ,  t h e y  
r e s u l t  f rom v e r y  c o m p l e x  and  n o n - t r a n s p a r e n t  c o m b i n a t i o n s  o f  
t e c h n o l o g i c a l ,  e c o n o m i c ,  p o l i t i c a l  and i d e o l o g i c a l  f a c t o r s ,  
T h e s e  f a c t o r s  w i l l  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  d e c i s i o n s  t o  b e  
made a b o u t  t r a d e - o f f s  b e t w e e n  s m a l l  and l a r g e  c o m p u t e r s  i n  o r g a n -  
i z a t i o n s .  I t  would b e  n a i v e  t o  " d e f i n e "  them from o u r  d e l i b e r a -  
t i o n s .  
CONC LUS IONS 
W e  h a v e  s e e n  how t e c h n o l o g i c a l  d e v e l o p m e n t  i n  t h e  c o m p u t e r  
f i e l d  now makes  i t  e c o n o m i c a l l y  f e a s i b l e  t o  s a t i s f y  a  w i d e r  s e t  
o f  c r i t e r i a  t h a n  was p e r m i t t e d  b y  e a r l i e r  t e c h n o l o g y .  I n s t e a d  o f  
f o c u s i n g  on  s h o r t - t e r m  e f f i c i e n c y  o n l y  a n d  t r e a t i n g  a r e a s  1 i k e  
b u r e a u c r a t i z a t i o n  e f f e c t s  a s  s e c o n d a r y  o r  t e r t i a r y  i s sues ,  
s e v e r a l  o f  t h e s e  h i t h e r t o  t o o  n e g l e c t e d  c o n s i d e r a t i o n s  c a n  b e  
u p g r a d e d  t o  p l a y  a  d e c i s i v e  r o l e  i n  t h e  d e s i g n  o f  management  s y s -  
tems w i t h  c o m p u t e r s .  S u c h  a n  a p p r o a c h  may t a k e  a d v a n t a g e  o f  a  
more f l e x i b l e  and  a d a p t a b l e  o r g a n i z a t i o n a l  s t r u c t u r e .  T h e r e  a r e  
a s  many b o t t l e n e c k s  i n  t h e  s y s t e m  d e v e l o p m e n t  p r o c e s s  a s  t h e r e  
a r e  p e o p l e  i n v o l v e d .  I t  i s  t h e r e f o r e  e s s e n t i a l  t h a t  t h e  f u l l  
s p e c t r u m  o f  i s s u e s  b e  f u l l y  known t o  a l l  p a r t i e s  i n v o l v e d  i n  t h e  
e v o l u t i o n  o f  a  management  s y s t e m ,  Then t h e  a d v e n t  o f  s m a l l  com- 
p u t e r s  may g i v e  new l i f e  t o  management  i t s e l f .  
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